against ϕ', the (azimuthal) angle between the a-axis and one of the E-vector directions (yellow arrow). We then performed simulations with the spin direction (AFM-axis) parallel to the b-axis (red line) and parallel to the a-axis (blue line). We can directly conclude that the spin direction in the ab-plane is along the b-axis, and definitely not along the a-axis.
To check whether the AFM-axis is tilted away from the ab-plane or not, we have carried out also an experiment in which the Poynting vector (green vector) is at 20° grazing angle with the a-axis, see Supplementary Figure 2 
Supplementary Note 4
Piezo response force microscopy (PFM). In Supplementary Figure 7 we present the Band-Excitation PFM image for a 40Å BFO film grown on the NGO without bottom electrode. The BFO(40Å)/NGO shows the multidomain character. Vertical PFM contrast of BFO(40Å)/NGO can arise from cantilever buckling due to in-plane polarization components, and has been observed for different ferroelectric systems previously 1,2 . The presence of lateral PFM domains in addition to the vertical PFM in the same area suggests that the sample is both multi-domain, and contains in-plane polarization components. The bottom electrode thus plays another essential ingredient
